We have investigated how bulk photoconductivity influences the photovoltaic parameters of zincphthalocyanine-fullerene ͑ZnPc/C 60 ͒ p-n heterojunction solar cells. The results indicate that the photocurrent action spectrum of a cell depends strongly on the photoconductivity and spectral characteristics of each component material. We therefore propose a model that simulates the action spectra of the short-circuit photocurrent in the molecular organic solar cells, and our model is based on the assumption that the photocurrent action spectrum depends on the bulk layer photoconductivity. Molecular organic photovoltaic devices based on p-type semiconductors, such as metal-phthalocyanines ͑MPc where M = Zn, Cu, TiO, or H 2 ͒, have recently attracted great interest due to the appearance of n-type fullerenes ͑C 60 ͒, which form photosensitive p-n junctions with MPc.
ers, exciton diffusion length may depend on the fabrication conditions, and the reported L D values vary from 10 to 30 nm for ZnPc 7, 13 and from 12 to 60 nm for CuPc films. 14, 15 The photoexcitations created in the bulk of a thick molecular layer do not reach the interface region of the p-n junction and therefore do not contribute to the photocurrent of the device. Thus, the carrier production regions are limited to the dimension of space-charge ͑depletion͒ layers that only extend over the film interfaces. Due to this the light illumination produces two kinds of photoeffects: photoconductivity in the bulk of the layer that decreases the cell serious resistance, and a photovoltaic effect in the interface region resulting in the generation of the photocurrent. Since Simon and Andre 16 reported significant information about photogenerated carriers at the p-n heterojunction, various models have been proposed that simulated the photocurrent of organic molecular solar cells. [17] [18] [19] [20] However, the role of bulk layer photoconductivity is still being debated.
We assume that the spectral dependence of series resistance in molecular organic cells should not be neglected because of its influence on the cell photocurrent. Normally, the thickness of a bulk layer in organic solar cells several times exceeds the dimension of a depletion layer. Hence, the series resistance can severely limit the shape of photocurrent action spectrum and the conversion efficiency. To prove this supposition, we report on the performance of fabricated n-C 60 /p-ZnPc solar cells. We also propose a theoretical model that describes the behavior of photocurrent action spectra and effects of the bulk layer photoconductivity.
Experimental
Thin molecular layers were vacuum sublimated at a pressure of 10 −6 Torr from resistively heated quartz crucibles using conventional ZnPc and C 60 ͑99.9% purity͒ powder purchased from Kodak and MER Corp., respectively. Before the deposition, ZnPc powder was predominantly recrystallized under argon ambient by train sublimation. Figure 1 shows the arrangement of the fabricated p-n heterojunction solar cell produced by successive evaporation of C 60 and ZnPc. First, we deposited n-C 60 layers on Corning glass substrates coated with indium tin oxide ͑ITO͒ transparent front electrodes. After deposition, the samples were kept under an ultrahigh vacuum of 10 −7 Torr during 24 h to reduce the initial oxygen content. Then, without exposure to air, the p-ZnPc layers were successively evaporated. Finally, the coplanar gold ͑Au͒ back contacts with a thickness of 50nm and an area of 2 ϫ 10 mm were deposited on top of the device. Thus, we fabricated photovoltaic cells with a structure of ITO/n-C 60 /p-ZnPc/Au. To provide a comparative study of organic layer thickness on cell performance, we have prepared three types of cells with the following parameters: ͑A͒ n-C 60 ͑80 nm͒/p-ZnPc ͑120 nm͒, ͑B͒ n-C 60 ͑400 nm͒/p-ZnPc͑400 nm͒, and ͑C͒ n-C 60 ͑800 nm͒/pZnPc͑800 nm͒. With the same deposition conditions, single layers of n-C 60 and p-ZnPc were prepared on ITO substrates for the UVvisible ͑UV-vis͒ optical spectra and photoconductivity measurements. Dark and photocurrent of single layers have been measured at constant dc electrical field ͑ϳ10 5 V/cm͒ in sandwich cell configuration between ITO front and Au back electrodes. Action spectra of short-circuit photocurrent for C 60 /ZnPc cells were recorded under illumination from the ITO side. While measuring the photocurrent, we appropriately filtered and calibrated irradiation from a 500W xenon lamp through a monochromator to obtain a constant incident photon intensity ͑ P IN ͒ of 10 W/cm 2 in the wavelengths of 360-850 nm. A Shimadzu UV-3101 PC spectrophotometer was used to record the optical absorption spectra. The current density-voltage ͑J-V͒ characteristics were measured under illumination of a 15 mW/cm 2 halogen lamp using an HP 1415B semiconductor parameter analyzer.
I. INTRODUCTION
Thin films of hydrogenated amorphous silicon ͑a-Si: H͒ and silicon carbide ͑a-SiC: H͒ have attracted considerable research interest mainly due to their potential applications in electronics, optical devices, and window layers in photovoltaic thin-film solar cells. To achieve a highefficiency thin-film solar cell, a window layer should have a high electrical conductivity and a wide optical band gap. Due to the incorporation of carbon atoms, a-SiC: H has a wider band gap than a-Si: H. However, the incorporated carbon atoms limit the electrical conductivity of a-SiC: H.
We can improve the electrical conductivity of a-SiC: H by an impurity doping. However, the impurity doping reduces the optical band gap of films. In recent years, one promising way to incorporate a wide band gap and a high conductivity has been proposed by producing the mixedphase structure consisting of microcrystalline ͑c−͒ or nanocrystalline ͑nc-͒ Si grains embedded in a-Si: H network. We firstly reported on the preparation of hydrogenated boron ͑B͒-doped nc-Si-SiC:H ͑p-nc-Si− SiC: H͒ alloy films containing nc-Si grains embedded in a-SiC: H matrix via the photodecomposition of C 2 H 4 .
1 Its optical transmittance is mainly governed by the a-SiC: H matrix, while nc-Si grains are responsible for the effective transport of charge carriers.
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This p-nc-Si− SiC: H alloy has a higher electrical conductivity, optical transmittivity, carrier mobility, and doping efficiency than the conventional undiluted p-a-SiC: H. Based on the deposition of p-nc-Si− SiC: H alloy, 1-4 H 2 -diluted p-a-SiC: H buffer layers of p-i-n-type a-Si: H or protocrystalline silicon ͑pc-Si:H͒ solar cells were prepared. [5] [6] [7] [8] We found that the natural hydrogen treatment-etching the defective undiluted p-a-SiC: H window layer and improving order in the window layer-takes place just before the highly conductive, low absorption, and well-ordered H 2 -diluted p-a-SiC: H buffer layer deposition onto the undiluted p-a-SiC: H window layer.
6 Due to the natural hydrogen treatment, we can effectively reduce the recombination at the p / i interface, resulting in dramatic improvement of all solar cell parameters.
The B doping of nc-Si-SiC:H alloys considerably enhances their dark conductivity ͑ D ͒. At the same time, the doping level may influence the degree of the structural disorder, film crystallinity, and defect density distribution. Various carrier transport mechanisms have been reported for aSi: H, 9-11 c-Si: H, 12,13 and nc-C:H films. 14 In this paper, we investigated the electric transport of p-nc-Si− SiC: H alloys.
II. EXPERIMENT
Films were deposited by the Hg-sensitized photoassisted chemical-vapor deposition ͑photo-CVD͒ technique using the mixture of SiH 4 , H 2 , B 2 H 6 , and C 2 H 4 reactant gases. A lowpressure Hg lamp with resonance lines of 184.9 and 253.7nm was used as an UV light source to dissociate the mixture gases. In all depositions, the hydrogen dilution ratio ͑H 2 / SiH 4 ͒, ethylene gas flow ratio ͑C 2 H 4 / SiH 4 ͒, chamber pressure, substrate temperature, and Hg bath temperature were kept at 20, 0.07, 0.46 Torr, at 250 and 20°C, respectively. We deposited about 150-170-nm-thick films on Corning 7059 glass substrates with varying boron doping ratio ͑B 2 H 6 / SiH 4 ͒ from 1000 to 8000 ppm.
We performed Raman spectroscopy and dynamic force microscopy ͑DFM͒ to inspect the structural change of the films. Raman spectra were measured by using JASCO Corp., NRS-1000 system. The wavelength of Ar laser is 532 nm. We used phase-modulated spectroscopic ellipsometer ͑Jobin Yvon, UNISEL͒ in order to measure the film thickness and absorption coefficient. We measured the direct current ͑dc͒ D via coplanar Al contacts ͑gap:1 mm͒ formed by thermal evaporation. The temperature dependence of D was measured using a closed-cycle He cryostat with a proportionalintegral-derivative ͑PID͒ temperature controller. Since D measurements performed in a coplanar configuration are sensitive to the presence of surface adsorbates, 15 A cubic phase of C 3 N 4 was discovered. It was recovered at ambient conditions from the graphite-like C 3 N 4 ͑g-C 3 N 4 ͒ phase subjected to pressures between 21 and 38 GPa in a diamond-anvil cell, laser heated to temperatures between 1600 and 3000 K. The x-ray-diffraction data of the phase are best explained by a cubic unit cell with the lattice parameters a = 3.878± 0.001 Å. With an assumption of 1 molecule/ unit cell ͑Z =1͒ for the cubic phase, the molar volume of the cubic phase is 35.126 cm 3 / mol and the density is 2.62 g / cm 3 . The density of the cubic phase is less than that which was predicted for the high-pressure phases but is 12% denser than the low-pressure graphitic phase ͑ = 2.336 g / cm 3 ͒. The cubic phase has not been predicted theoretically and represents an unknown structure in C 3 N 4 . © 2006 American Institute of Physics. ͓DOI: 10.1063/1.2168567͔
I. INTRODUCTION
The prediction by Liu and Cohen 1 of the existence of a ␤-C 3 N 4 phase with a bulk modulus and hardness similar to diamond has fostered significant research efforts to synthesize this material ͑see review papers [2] [3] [4] ͒ Various reports claim the synthesis of carbon nitride C 3 N 4 : however, "none of the studies provide a comprehensive characterization of a single phase material."
3 The data on the synthesis of dense C 3 N 4 phases reported by different authors to date "have yet to present unambiguous evidence for the crystallization of carbon nitrides with the proposed structures." 4 It was also argued from chemical considerations that "extensive network with C-N single bonding has never been documented and only very local C-N bonds are known as in amino acids." 5 Recent studies of the phase transformation of the turbostratic carbon nitride ͑t-CN͒ under high pressure and temperature showed that at 4.7 GPa, the thermal decomposition of t-CN starts at 990 K and forms a disordered graphite. With a pressure increase up to 17.8 GPa, the onset temperature of the decomposition increases to 1850 K, and the process is accompanied by the formation of diamond.
6 It was concluded that the low-compressibility forms of carbon nitride could not be obtained in a large volume press at pressures up to 20 GPa and temperatures up to 2100 K. In this study, we present evidence for an unquenchable high-pressure phase at a pressure above 20 GPa and at temperature above 1600 K, which converts into a cubic phase upon the decompression to ambient conditions.
II. EXPERIMENTAL METHODS
The pressure-and temperature-induced phase transformation of C 3 N 4 was studied up to 38 GPa using laser-heated diamond-anvil cells and angle-dispersive powder x-ray diffraction ͑ADXD͒ at Advanced Photon Source ͑APS͒, Argonne National Laboratory. A Mao-Bell-type diamond anvil cell ͑DAC͒ and a symmetrical DAC were used in this study. Each cell has a pair of type I brilliant-cut diamond anvils of 0.25-0.3 carat and a culet of 350-500 m. A stainless-steel, fully hardened 250-m-thick gasket was first indented to 40 m, and then a hole of 90-130 m in diameter was drilled, which served as the sample chamber. The experiments were performed using a monochromatic synchrotronradiation source ͑ = 0.3876 or 0.46047 Å͒ at the 16-IDB beamline of the High Pressure Collaborative Access Team ͑HPCAT͒ facility at the Advanced Photon Source ͑APS͒. The monochromatic x-ray beam was focused down to 30 ϫ 30 m 2 , using multilayer bimorph mirrors in a Kickpatrick-Baez configuration, similar to that described earlier for the GeoSoilEnviroConsortium for Advanced Radiation Studies ͑GSECARS͒ facility.
7 Diffraction images were recorded for 30-300 s with an on-line image-plate fast-scan detector and were integrated and corrected for distortions using FIT2D software. 8 The distance between the sample and the charge-coupled device ͑CCD͒ detector was either 347.964 mm ͑for = 0.38760 Å͒ or 347.818 mm ͑for = 0.46047 Å͒. Pressure was determined off line by the ruby fluorescent method and also by the internal NaCl using the diffraction peak ͑200͒ with the established equation of state.
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To achieve high-pressure and high-temperature conditions, the sample in a diamond-anvil cell was heated by a 
Introduction
DLC (diamond-like-carbon) coatings have been widely used in tribological applications because of their distinct tribological properties such as high wear, pitting and scuffing resistance, and low friction [1 -6] . DLC coatings are typically produced using physical vapor deposition (PVD) processes. Defects including voids, scratches, flaking, cracks, and macroparticles often occur in the coating, both at and below the surface. These defects can adversely affect the performance of the coating, leading to unpredicted premature failure of the coated component. To our knowledge defects at the DCL coating/ steel interface have not been investigated.
Acoustic microscopy studies conducted with a highfrequency (1 GHz) acoustic microscope showed that most of the defects are located 2 -3 Am below the top surface of the coatings [7, 8] . However, acoustic microscopy cannot determine the exact size, depth, and composition of the defects. While conventional optical microscopy or scanning electron microscopy (SEM) can give this information, both techniques have the limitation in that only surface defects can be examined. The purpose of this paper is to characterize the subsurface defects (location of the defect and its composition) in chromium-containing DLC (Cr-DLC) coated components by using a focused ion beam technique FIB/SEM imaging system and scanning acoustic microscopy (SAM). An ion sputtering process was applied from above the specimen to do fine milling of the coating. The specimen was then imaged with high resolution by SEM. With repeated sputtering and imaging, the 3-D microstructure of the coating was examined without removing or repositioning the specimen. We demonstrated that a combination of the FIB/SEM and SAM techniques is a powerful tool for studying defects at the DLC/steel interface.
Deposition process
The Cr-DLC coating was produced in Caterpillar's in-house closed-field unbalanced magnetron sputtering system (CFUMS). The CFUMS is a 1/4 industrial scale chamber. The system incorporates two opposing rectangular cathodes each having a Cr target with a purity of 99.95%. Argon 
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Deposition process
The Cr-DLC coating was produced in Caterpillar's in-house closed-field unbalanced magnetron sputtering system (CFUMS). The CFUMS is a 1/4 industrial scale chamber. The system incorporates two opposing rectangular cathodes each having a Cr target with a purity of 99.95%. Argon (Ar) were also shown to be good high-temperature oxygen-ion conductors. Recently, the family of pyrochlore-like titanates with high ionic conductivity has been extended owing to the synthesis of new materials with the general stoichiometry Ln 2 + x Ti 2 -x O 7 -x /2 (Ln = Dy-Lu, x = 0 − 0.44) (LANTIOX) [5] [6] [7] [8] [9] [10] [11] . Among these materials, the highest ionic conductivity, ~5 × 10 -3 to 10 -2 S/cm at 740 ° C, is offered by Ln 2 Ti 2 O 7 and Ln 2 + x Ti 2 -x O 7 -x /2 with x = 0.096 synthesized at 1600-1670 ° C [5-11]. The high-temperature ionic conductivity of Yb 2 Ti 2 O 7 ( ~5 × 10 -3 to 10 -2 S/cm at 740 ° C) prepared through mechanical activation or hydroxide coprecipitation followed by firing at 1600 ° C was studied in detail by and Abrantes et al. [10, 11] .
As reported by Kramer and Tuller [1], heterovalent substitution of calcium for gadolinium in the pyrochlore titanate Gd 2 Ti 2 O 7 ( (Gd 1 -x Ca x ) 2 Ti 2 O 7 , x = 0.1) increases its ionic conductivity by three orders of magnitude: from 2 × 10 -5 to 2 × 10 -2 S/cm at 740 ° C. It is reasonable to expect that calcium doping will also cause a significant increase in the ionic conductivity of Yb 2 Ti 2 O 7 .
In this paper, we report the synthesis of (Yb 1 − x Ca x ) 2 Ti 2 O 7 and (Yb 1 -x Ba x ) 2 Ti 2 O 7 ( x = 0, 0.05, 0.1) samples using coprecipitation or mechanical activation and their electrical conductivity.
EXPERIMENTAL
(Yb 1 -x Ca x ) 2 Ti 2 O 7 ( x = 0.05, 0.1) samples were prepared via coprecipitation of Yb(III), Ca(II), and Ti(IV) hydroxides with NH 4 OH and (NH 4 ) 2 CO 3 at pH 10.4 from appropriate chloride solutions. A sulfate test for Ca 2+ in the mother solution showed that all of the calcium was precipitated. The precipitate was separated from the solution by centrifugation and then washed several times with water until free of chloride ions. Next, the precipitate was dried at 105 ° C for 24 h. After prefiring at 650 ° C for 2 h, the resultant powder was pressed at 10 MPa into disks 10 mm in diameter and 2 mm in thickness, which were sintered at 1400 ° C for 4 h and then furnace-cooled.
We also used mechanical activation of Yb 2 O 3 + TiO 2 , CaO + Yb 2 O 3 + TiO 2 , and Yb 2 O 3 + TiO 2 + BaO 2 mixtures in an eccentric vibratory mill [12] to prepare Yb 2 Ti 2 O 7 , (Yb 1 -x Ca x ) 2 Ti 2 O 7 , and (Yb 1 -x Ba x ) 2 Ti 2 O 7 (x = 0.05, 0.1) samples. It is well known that mechanical activation of starting mixtures allows one to vary the structural perfection and, accordingly, the conductivity of the resulting mixed oxides [13, 14] . After mechanical activation, the mixtures were pressed at 26 MPa into
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The ( Gd 1 -x Ca x ) 2 Ti 2 O 7 ( x = 0.1) pyrochlore titanate was reported to possess high ionic conductivity, ~5 × 10 -2 S/cm at 1000 ° C [1]. Gd 2 (Ti 1 -x Zr x ) 2 O 7 disordered pyrochlores (1000 ° C ionic conductivity of ~ 1 × 10 − 2 S/cm) [2, 3] and Gd 2 ((GaSb) 1 − x Zr x ) 2 O 7 [4] were also shown to be good high-temperature oxygen-ion conductors. Recently, the family of pyrochlore-like titanates with high ionic conductivity has been extended owing to the synthesis of new materials with the general stoichiometry Ln 2 + x Ti 2 -x O 7 -x /2 (Ln = Dy-Lu, x = 0 − 0.44) (LANTIOX) [5] [6] [7] [8] [9] [10] [11] . Among these materials, the highest ionic conductivity, ~5 × 10 -3 to 10 -2 S/cm at 740 ° C, is offered by Ln 2 Ti 2 O 7 and Ln 2 + x Ti 2 -x O 7 -x /2 with x = 0.096 synthesized at 1600-1670 ° C [5] [6] [7] [8] [9] [10] [11] . The high-temperature ionic conductivity of Yb 2 Ti 2 O 7 ( ~5 × 10 -3 to 10 -2 S/cm at 740 ° C) prepared through mechanical activation or hydroxide coprecipitation followed by firing at 1600 ° C was studied in detail by and Abrantes et al. [10, 11] .
As reported by Kramer and Tuller [1] , heterovalent substitution of calcium for gadolinium in the pyrochlore titanate Gd 2 Ti 2 O 7 ( (Gd 1 -x Ca x ) 2 Ti 2 O 7 , x = 0.1) increases its ionic conductivity by three orders of magnitude: from 2 × 10 -5 to 2 × 10 -2 S/cm at 740 ° C. It is reasonable to expect that calcium doping will also cause a significant increase in the ionic conductivity of Yb 2 Ti 2 O 7 .
EXPERIMENTAL
(Yb 1 -x Ca x ) 2 Ti 2 O 7 ( x = 0.05, 0.1) samples were prepared via coprecipitation of Yb(III), Ca(II), and Ti(IV) hydroxides with NH 4 OH and (NH 4 ) 2 CO 3 at pH 10.4 from appropriate chloride solutions. A sulfate test for Ca 2+ in the mother solution showed that all of the calcium was precipitated. The precipitate was separated from the solution by centrifugation and then washed several times with water until free of chloride ions. Next, the precipitate was dried at 105 ° C for 24 h. After prefiring at 650 ° C for 2 h, the resultant powder was pressed at 10 MPa into disks 10 mm in diameter and 2 mm in thickness, which were sintered at 1400 ° C for 4 h and then furnace-cooled. [4] . It was found that the pyrochlore-fluorite transformations greatly influence their oxide-ion conduction properties, so the high-temperature modifications possess pronounced ionic conductivity while pure electronic transport dominate in the low-temperature ones.
It is also known that the structural type of Ln 2 Zr 2 O 7 (Lnrare-earth elements) compounds is clearly defined by the Lnelement in its formula. The existence of pyrochlore-type structures was shown for the rare-earth zirconates with Ln = La-Sm, whereas the zirconates with Ln = Tb-Lu have fluorite-type structures. Sm 2 Zr 2 O 7 , Eu 2 Zr 2 O 7 , and Gd 2 Zr 2 O 7 are located near the phase boundary between the pyrochlores and the fluorites. One of these compounds (Eu 2 Zr 2 O 7 ) is known to possess the highest oxide-ion conductivity in the series, σ = 8.3 × 10 − 3 S/cm at 800°C [5] .
Among rare-earth titanates, some Ln 2 Ti 2 O 7 pyrochlore compositions have already proved their ability for oxide-ion
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Microorganisms are the most convenient sources for production of polysaccharide-degrading enzymes such as amylase, xylanase and inulinase (Chaudhary et al., 1997; Pandey et al., 1999) . The most widely used plate screening methods for the detection of polysaccharide-and proteindegrading microorganisms are based on the use of insoluble dye-labeled substrates (Caplan and Fahey, 1982; Safarik, 1987; Lee and Lee, 1997; Ruijssenaars and Hartmans, 2001 ). Combinations of insoluble substrates, each individually colored, allow simultaneous screening for multiple polysaccharideand/or protein-degrading activities (Ten et al., 2004 (Ten et al., , 2005 . However, existing methods for synthesis of these substrates are not acceptable for low molecular weight polysaccharides such as inulin that consists of linear chains of β-(2,1)-linked fructofuranose molecules (Van Loo et al., 1995) . Inulin is one of the main sources for production of functional sweeteners; internal hydrolysis of this polyfructan by microbial endoinulinase yields inulo-oligosaccharides that possess various healthpromoting properties (Yun, 1996; Kim et al., 1997; Sangeetha et al., 2005) . Selection of endoinulinase-producing microorganisms as sources of the enzyme is necessary for industrial production of functional food ingredients. It can be achieved straightforwardly at primary screening only by using insoluble colored inulins. Taking into account the abovementioned limitations of existing methods a new approach is required to synthesize these practically important substrates.
The aims of this study are: (i) to design a novel method for production of insoluble diversely colored inulin hydrogels, and (ii) to use the resulting substrates for screening of inulindegrading microorganisms.
